The Drosophila fat facets (faf) gene is a ubiquitin-specific protease necessary for the normal development of the eye and of the syncytial stage embryo in the fly. Using a gene trap approach in embryonic stem cells we have isolated a murine gene with extensive sequence similarity to the Drosophila faf gene and called it Fam (fat facets in mouse). The putative mouse protein shows colinearity and a high degree of sequence identity to the Drosophila protein over almost its entire length of 2554 amino acids. The two enzymatic sites characteristic of ubiquitin-specific proteases are very highly conserved between mice and Drosophila and this conservation extends to yeast. Fam is expressed in a complex pattern during postimplantation development. In situ hybridisation detected Fam transcripts in the rapidly expanding cell populations of gastrulating and neurulating embryos, in post-mitotic cells of the CNS as well as in the apoptotic regions between the digits, indicating that it is not associated with a single developmental or cellular event. The strong sequence similarity to faf and the developmentally regulated expression pattern suggest that Fam and the ubiquitin pathway may play a role in determining cell fate in mammals, as has been established for Drosophila.
Introduction
Ubiquitin is a highly conserved 76 amino acid peptide found in all eukaryotic cells and is important as a posttranslational modification in the control of protein function (reviewed in Hochstrasser, 1995) The best characterised aspect of this control is the rapid and irreversible degradation of ubiquitinated proteins in the proteasome, which is a large proteolytic complex found in both the nucleus and the cytoplasm. Due to the universal nature of this pathway it was initially concluded that it simply served a housekeeping function to remove mistranslated and misfolded proteins from the cell. However, ubiquitination is an energy-dependent process and substrate-specificity is, in general, highly regulated. Specificity is achieved by the enzymatic cascade which attaches ubiquitin to the substrate. The first of three enzymes involved in this process, E1, activates the ubiquitin which is then covalently linked to the substrate by the E2-E3 ligase complex. Many E2 and E3 genes have been cloned, some of which are substrate-specific (Muralidhar and Thomas, 1993; Hochstrasser, 1995; Seufert et al., 1995; Yu et al., 1996) . By controlling the presence of individual E2 and E3 proteins a cell can use the continuously available ubiquitin system to control tightly the half-life of target proteins in a cell cycle-and tissue-specific manner. Many shortlived proteins involved in regulating cell proliferation and/ or differentiation are regulated by this pathway. These include transcription factors such as c-fos and Mata2, the tumour suppresser protein, p53, kinases such as mos, and growth factor receptors such as PDGFR and FGFR-1 (reviewed in Hochstrasser, 1995) .
The best characterised example of the control of timed cellular events by ubiquitination is the regulation of the cell cycle. Progression through the cell cycle is in large part regulated by the presence or absence of cyclin B (Glotzer et al., 1991) . This is a positive regulatory subunit which associates with Cdc2 to form the mitosis-promoting factor. Cells must accumulate cyclin B above a threshold before the cell enters mitosis. The covalent association of cyclin B with ubiquitin, however, decreases the half life of cyclin B from 1 h to around 1 min and thus, even in the presence of a steady rate of transcription and translation, cyclin B protein levels decrease precipitously (Glotzer et al., 1991) . This destruction of cyclin B by the ubiquitin pathway initiates anaphase. When this pathway is switched off cyclin B levels begin to rise and another cell cycle begins. Other components of the cell cycle regulation are also controlled via ubiquitination. These include p27, an inhibitor of cyclindependent kinases. Accumulation of p27 leads to cell cycle arrest but it is rapidly degraded following its association with ubiquitin, thereby allowing progression to another cell cycle (Pagano et al., 1995) .
Although much is known about the process and proteins involved in linking ubiquitin to its substrates, and the consequences of this, little is known about the proteases which subsequently remove it. These ubiquitin-specific proteases (Ubps) can be divided into two types (reviewed in Hochstrasser, 1995) . The first is involved in the intracellular recycling of ubiquitin by removing it from peptides following protein degradation in the proteasome. These Ubps are present in all cells and it is thought that they have little or no substrate specificity. The second shows tissue-specific expression patterns and it is thought that such proteins are involved in regulating the pool, activity and turnover of specific substrates by de-ubiquitinating them before they reach the proteasome.
The Drosophila fat facets (faf) gene is a ubiquitin-specific protease of the second type. It is expressed in a restricted number of tissues of the developing fly and is necessary for the normal development of the eye and of the syncytial stage embryo (Fischer-Vize et al., 1992; Huang et al., 1995) . faf null mutants have irregular ommatidia due to the presence of additional cells. This arises from the failure of the mystery cells to undergo apoptosis, which is their normal fate, allowing them to become extra photoreceptor cells. Lack of maternal faf leads to arrested development at the syncytial stage as the nuclei fail to migrate to the periphery of the egg and cellularisation never occurs (Fischer-Vize et al., 1992) .
Although considerable information about the ubiquitin system has been garnered from cell biology studies, much less is known about its role during development of multicellular organisms. We report here the isolation and molecular characterisation of the murine Fam cDNA, which encodes a putative ubiquitin-specific protease with strong sequence similarity to Drosophila fat facets.
Results

Molecular characterisation of a novel murine gene
A screen was undertaken for murine genes expressed during gastrulation and neurulation using a gene trap in embryonic stem cells (Gossler et al., 1989) . The gene trap vector pSAbgeo (a gift from Dr. P. Soriano) was linearised and electroporated into D3 ES cells followed by selection of neomycin-resistant colonies (Friedrich and Soriano, 1991) . The developmental expression pattern of successfully trapped genes was then analysed by staining for b-galactosidase activity in chimeras at E7.5 and E8.5. With one clone, b1/1, lacZ expression was detected in late primitive streak stage embryos but not at earlier stages. More detailed analysis of the lacZ expression was not obtained as germline transmission of this clone was not achieved. Based on the initial expression pattern, however, this clone was chosen for further analysis.
The screening of a random-primed cDNA library from the b1/1 ES cell line identified two independent clones which contained the same unique sequence spliced in front of the lacZ sequence of pSAbgeo. The larger of the clones contained 189 bp of unique sequence. Northern analysis of polyA + RNA from ES cells detected three bands of 8.5 kb, 10.0 kb and 11.5 kb (Fig. 1 ). An additional band at 4.7 kb was also detected in RNA from the trapped b1/1 ES cell line. This band was also specifically recognised with a lacZ probe derived from the pSAbgeo vector (data not shown) confirming that the unique sequence was indeed part of the gene trap fusion transcript. Subtraction of the bgeo component from the length of the fusion transcript indicated that the 189 bp of unique sequence represented nearly all of the 5′ UTR.
To isolate the complete cDNAs of the three transcripts a random-primed cDNA library from undifferentiated D3 cells as well as an oligo-dT-primed cDNA library from embryonic day 7.5 mouse embryos (a gift from Dr. Patrick Tam, Sydney) were screened. cDNAs corresponding to all three transcripts have been isolated from these libraries and sequenced at least twice (Genbank entry U67874). Analysis of the sequences indicated that all three transcripts share a common 5′ UTR and a single open reading frame encoding a putative protein of 2554 amino acids with a calculated molecular weight of 290 kDa. The integration site of the pSAbgeo vector is upstream of the translation start site. Oligo-dT-primed cDNAs, each containing a polyadenylation signal, were isolated and indicated that the differences in transcript sizes were due entirely to differing lengths of their 3′ UTR.
Murine Fam shows extensive sequence similarity to Drosophila fat facets
A BLAST search (Altschul et al., 1990) performed with the putative protein sequence of the novel gene (Genbank entry U67874) revealed strong sequence similarity to the Drosophila fat facets (faf) sequence (Fig. 2) . This gene Fig. 2 . Alignment of the FAM and FAF proteins. The mouse and Drosophila protein sequences were aligned using a GAP analysis. Identical amino acids are shaded in blue and conserved amino acid changes are shaded in yellow.
was therefore named Fam (fat facets in mouse). The mouse FAM protein is collinear with the Drosophila protein over nearly its entire length, with the exception of the last 80 amino acids which showed no significant similarity to the Drosophila sequence (Fig. 2) . Although the similarity between the complete FAF and FAM proteins is around 50% amino acid identity and 70% similarity over virtually the entire protein, this increases markedly in two domains. These are the active Cysteine and Histidine domains characteristic of ubiquitin-specific proteases (Fig. 3) . The FAM Cysteine domain is completely conserved and is almost identical to that found in FAF over the 16 amino acids. The larger Histidine domain is also highly conserved from flies to mice (68% identity and 88% similarity). FAM also shows strong similarity to several Ubps from yeast and mammals in these two regions. There is, however, no significant match between FAM and other Ubps, besides FAF, outside of these domains. Alignment of the Fam and faf nucleic acid sequences using CLUSTAL revealed a sequence identity of 51% over the coding region. Comparison of the available 5′ and 3′ UTR sequences failed to detect any significant similarity.
Chromosomal localisation of Fam
The Fam locus was mapped by PCR analysis of DNA from the EUCIB mouse backcross. The Fam locus was localised to the X-chromosome between DXMit53 and DXMit57 with an LOD score of 9.3. To investigate if Fam-related sequences exist on the murine Y chromosome gender-specific genomic DNA was analysed by Southern blotting. Hybridisation with two probes covering over 50% of the coding region failed to detect any polymorphism between male and female DNA suggesting that Fam exists as a single copy gene on the X-chromosome (data not shown).
Developmental expression pattern of Fam RNA
Northern analysis
To determine the developmental expression of Fam mRNA, Northern analysis and in situ hybridisation were performed on postimplantation embryos. PolyA + RNA was isolated from E11.5 to E17.5 embryos and probed with Fam sequences. Fam expression was detected at all stages (Fig. 4) . Equilibration of the loading by reference to GAPDH hybridisation indicated that expression in the whole embryo peaked between E12.5 and E15.5. Towards the end of gestation Fam was significantly downregulated and Northern analysis of adult tissues failed to detect expression (data not shown). Although all three transcripts appeared to be equally expressed in ES cells, the 10.0 kb band was the dominant transcript throughout postimplantation development (Fig. 4) . As all three transcripts encode the same protein the functional significance of the variation in transcript abundance is unclear. To more accurately determine the pattern of Fam expression, in situ hybridisation was performed on both wholemount and sectioned embryos. 
In situ hybridisation analysis of whole mount embryos
In situ hybridisation analysis was performed on wholemount embryos from pre-streak stage (E7.0) through to E12.5 and on sections from E9.5 embryos onward. These analyses used two probes from the coding region which recognised all three Fam transcripts. Identical results were obtained with both probes. Analysis of wholemount embryos revealed that expression was first detectable from the mid-streak stage (E7.5), primarily in the embryo proper but to a lesser extent in the extra-embryonic membranes (data not shown). High levels of transcript were maintained ubiquitously throughout the embryo up until E10.0 (Fig. 5) . At this point Fam expression became more complex as some tissues selectively switched off expression. At E10.5 expression was lost from the body wall but high levels continued to be detected in the CNS, the developing limb buds and the branchial arches. Twenty-four hours later Fam expression was still detectable in the neural tube but at much lower levels and was increasingly caudally restricted. It was also obvious at this stage in the dorsal root ganglia which lie on either side of the neural tube. The cephalic neural tube continued to express Fam most predominantly in the mesencephalon and telencephalon. The tissue overlying the cranium expressed little or no Fam, except for the eyes which were strongly positive. Non-expressing cells were also detected in the limbs and branchial arches for the first time at E11.5. Although high levels of expression were maintained in the distal portion of these structures it had been lost from the proximal half (Fig. 5 ). The final stage at which Fam was detected by whole mount in situ hybridisation was E12.5 when expression was restricted to just a few areas. Moderate expression was detected in the mesencephalon and eye as well as the apoptotic regions between the digits, in both the fore-and hindlimbs. The telencephalon showed much reduced expression. Analysis of E13.5 embryos by whole mount in situ hybridisation failed to detect any Fam expression.
Expression of Fam in the developing CNS
To further investigate Fam expression in situ hybridisation was performed on embryo sections. These analyses confirmed the expression pattern of Fam as detected by whole mount in situ hybridisation. They also detected strong expression of Fam in the internal organs as well as providing a single cell resolution of expression. One of the predominant tissues of Fam expression was the CNS where it was strongly and ubiquitously expressed from neurulation to the E10.5 embryo. At E11.5 transverse sections revealed that while Fam is expressed in all cells of the caudal neural tube, in more rostral regions its expression becomes restricted to cells lying increasingly proximal to the spinal canal (data not shown). This pattern of expression was also detected in the diencephalon and metencephalon at E12.5 (Fig. 6B) . At higher magnification it is apparent that while all cells of the ependymal layer strongly express Fam it is downregulated in the mantle layer (Fig. 6C) . This downregulation increases as the cells move laterally away from the ependymal layer. This gives the appearance of a gradient of Fam expression. Analysis at the single cell level, however, revealed that there was no coordinated loss of Fam expression correlating to the distance from the ependymal layer. Individual cells with no Fam expression were detected in proximal regions of the mantle layer as well as Fam-positive cells at the periphery. The developing ganglia in the head such as the trigeminal ganglion as well as the otic vesicle were also positive for Fam expression (data not shown).
Expression of Fam in the developing eye
One of the major sites of Fam expression was in the developing eye. Fam transcripts were present at the earliest optic vesicle stage at E9.5, when it is expressed ubiquitously throughout the embryo, and were evenly expressed throughout both the neural component and the lens up to E11.5 (data not shown). At E12.5 expression was lost in the central area of the lens but the neural component of the retina remained strongly positive (Fig. 7B) . As the retina began to differentiate, Fam expression was progressively switched off. At E14.5 the innermost, marginal zone of the retina no longer expressed Fam which was still readily detected in the proliferating layer of primitive neuroepithelial cells of the outermost zone of the neural retina (Fig. 7C) . Staining in the cells of the outer nuclear layer appeared to be predominantly nuclear (Fig. 7C ). This outer layer gives rise to the photoreceptors of the retina later in development.
Other sites of Fam expression
In situ hybridisation of embryo sections revealed that Fam was strongly expressed in the developing organs of the body cavity. These expression domains were not discernible in the in situ hybridisation analysis of whole mount embryos but account for the increase in Fam expression detected in the Northern analysis (Fig. 4) . At E14.5 all cells of the liver express Fam (Fig. 8B) . At the same stage strong expression was also detected in the lungs. Here, however, the epithelia lining the bronchi expressed higher levels of Fam than the surrounding parenchyma of the lungs (Fig.  7D ). This may be due to the increased cell density, however, and not increased Fam expression. Other internal organs were also positive for Fam expression including the gut. The heart, however, failed to display Fam expression at any stage analysed. Another site of strong Fam expression was in the developing nasal vibrissae (Fig. 8E) , particularly in the cells of the outer root sheath.
Discussion
Sequence similarity between Fam and faf
We present here the characterisation of a murine gene Fam with strong sequence similarity to the Drosophila fat facets (faf) gene. The mouse gene encodes a putative protein of 2554 amino acids which shares greater than 50% identity and around 70% similarity with the Drosophila FAF protein. This level of similarity and the fact that these proteins are virtually collinear indicates that Fam is a murine orthologue of faf. The mouse Fam gene locus was mapped to the X-chromosome in a region syntenic to the human X wherein a small EST, which appears to represent a 3′ fragment of a human gene with sequence similarity to faf, has also recently been mapped (Banfi et al., 1996) .
The Drosophila fat facets (faf) gene was identified during a screen for genes involved in eye formation (Fischer-Vize et al., 1992) and has since been shown to be a ubiquitinspecific protease (Ubp) (Huang et al., 1995) . Ubps contain two highly conserved motifs, the Cysteine and Histidine domains, which are essential for their normal function. The FAM Cysteine domain is almost identical to that of FAF and there is also a very high level of similarity in the Histidine domain between the two species. FAM is more closely related to FAF over these domains than any other Ubp and is no more closely related to other mammalian Ubps, such as tre-2 and Unp, than it is to other members of the family found in yeast. FAM shows no sequence similarity to any protein, other than FAF, outside of the enzymatic sites conserved in all Ubps. Although it remains to be established experimentally that FAM functions as a Ubp, such a high degree of similarity suggests that this is its role in mice.
Nearly 20 Ubps have been identified either genetically or by sequence similarity, mostly in yeast but also in vertebrates. Of these only FAF has so far been shown to be a substrate and cell-type specific Ubp. The others appear to be involved in housekeeping and have largely overlapping functions (Baker et al., 1992; Papa and Hochstrasser, 1993) . Using genetic studies in flies it was shown that faf functions upstream of the proteasome suggesting that FAF may de-ubiquitinate substrates before their degradation (Huang et al., 1995) . In this manner the level of functional substrate in a cell may be determined by the dynamic balance between specific ubiquitinating and de-ubiquitinating activities in a manner similar to other post-translational modifications. To support this proposal several substratespecific ubiquitin ligase complexes have been characterised (Muralidhar and Thomas, 1993; Wefes et al., 1995) .
faf shows a restricted expression pattern throughout Drosophila development and loss of function mutants display aberrant phenotypes restricted to only two developmental stages (Fischer-Vize et al., 1992) . The restricted expression of the murine Fam gene suggests that it may also be a substrate-specific Ubp.
Expression and possible role of Fam in murine development
Fam mRNA displays a complex expression pattern throughout postimplantation development from midgastrulation until birth. In situ hybridisation detected Fam transcripts in the rapidly expanding cell populations of gastrulating and neurulating embryos, in post-mitotic cells of the CNS as well as in the apoptotic regions between the digits, indicating that it is not associated with a single developmental or cellular event. The predominant site of expression throughout embryogenesis was, however, in rapidly proliferating cells. This was most clearly seen in the developing CNS where Fam expression is significantly downregulated once cells leave the proliferative ependymal layer. This pattern of expression was mirrored in the developing retina where expression remains high in the proliferating primitive neuroblast cells of the outer nuclear layer but is lost from the inner layers which have begun their differentiation into the future ganglion and relay cells of the retina. The role of the ubiquitin pathway in cell cycle progression is well documented with the ubiquitin-dependent degradation of B-cyclins necessary for entry into the S phase of mitosis (Glotzer et al., 1991) . It would not be Fig. 5 . Expression of Fam mRNA in wholemount embryos. Wholemount in situ hybridisation analysis of E9.5, E10.5, E11.5 and E12.5 embryos with a panFam antisense probe. Expression is ubiquitous at the E9.5 stage but then becomes increasingly restricted to the E12.5 stage. Expression is first lost in the body wall and is maintained longest in the developing limb buds and branchial arches as well as the eye and central nervous system. Fam expression is switched off at E11.5 in the proximal half of the limb. At E12.5 only the eye, mesencephalon, telencephalon and the apoptotic regions between the digits remain positive for Fam transcripts. Bar represents 500 mm in each panel. surprising, therefore, if a Ubp is also involved in the regulation of components of this system. Fam mRNA is not present, however, in all proliferating cells. This does not preclude a possible role in cell proliferation as cyclin D1 is also expressed in a developmentally restricted pattern (Savatier et al., 1995) and homozygous null mutant mice are viable, displaying only retinal and mammary gland defects (Sicinski et al., 1995) . The Fam expression pattern is also consistent with a role in the maintenance of an undifferentiated state. In the CNS, Fam expression is down-regulated once cells migrate from the ependymal layer into the mantle layer where they become postmitotic and begin to differentiate. Therefore, expression is not tightly correlated with cell proliferation. This, of course, assumes that functional FAM protein is indeed present in the cells expressing Fam transcripts. Finally, Fam expression was also detected in the apoptotic regions between the digit condensations in the developing limbs. It is not clear, however, which cells express the transcript. This domain of Fam expression is particularly intriguing as the best characterised role of Faf is in facilitating the apoptosis of the mystery cells in eye development.
From its expression pattern, therefore, it is possible that Fam plays more than one role in embryogenesis. In Drosophila, faf appears to be involved in the regulation of differing cellular processes. In faf null mutants, the mystery cells which normally undergo apoptosis between the sevencell and five-cell precluster stage of eye imaginal disc development fail to do so, instead developing as additional photoreceptors. The function of faf in the syncytial stage embryo, however, appears to be in the regulation of the migration of nuclei to the periphery of the embryo as well as in the cellularisation of the syncytial embryo (Fischer-Vize et al., 1992) . This raises the possibility that at least two distinct substrates are de-ubiquitinated by faf. Given that both FAM and FAF are very large proteins and that the enzymatically active domains represent only a small fraction of them it seems likely that these proteins have a complex structure, possibly with multiple specific and highly-conserved substrate-binding domains. This is supported by the observations that (a) the mouse and fly protein sequences are colinearly conserved over their entire length of greater than 2500 amino acids, (b) there are several distinct domains of over 50 amino acids length with greater than 65% identity and 80% similarity, and (c) some faf mutants give rise to an eye phenotype but not an embryonic phenotype suggesting qualitative or quantitative differences in FAF function.
To date there has been very little investigation of the role played by the ubiquitin pathway in the development of multicellular organisms. One attempt to address this question analysed the dynamics of ubiquitin-conjugates in chick embryogenesis and found that the ratio of free to bound ubiquitin varied throughout development, particularly in regions of cellular remodelling, although the functional significance of this is unclear (Wunsch and Haas, 1995) .
Recently, however, the involvement of individual components of the ubiquitin system in development has been investigated. The Drosophila bendless gene is a ubiquitinconjugating enzyme which is widely expressed in the CNS and is functionally required to establish a subset of synaptic connections in fly development (Muralidhar and Thomas, 1993) . Additionally, other substrate-specific ubiquitin-conjugating enzymes are expressed transiently during terminal differentiation of erythroid cells implying a functional role for the ubiquitin-mediated degradation of proteins in cells progressing from one fate to another (Wefes et al., 1995) . In addition, many cell surface receptors are known to undergo ligand binding-dependent ubiquitination and this inhibits the mitotic signal (Galcheva-Gargova et al., 1995; Mori et al., 1995) . To date the best characterised member of the ubiquitin pathway involved in determining developmental cell fate is faf. The discovery of a novel murine gene with strong sequence similarity, Fam, should help speed the elucidation of the role of the ubiquitin system in the development of multicellular organisms.
Experimental procedures
Cloning of Fam
The pSAbgeo vector (a gift from Dr. P. Soriano) was linearised and electroporated into D3 ES cells as described (Friedrich and Soriano, 1991) . To identify the fusion transcript responsible for the developmental expression of the b1/1 clone a random-primed cDNA library was generated from 5 mg of polyA + RNA isolated from this ES cell line. A Timesaver cDNA synthesis kit (Pharmacia) was used to generate the cDNA which was ligated into lgt10 EcoRI arms (Promega) before packaging using lDNA Packaging Kit (Amersham). One million phage were screened using the 600 bp of lacZ 5′ of the ClaI site under high stringency conditions with 50% formamide at 42°C. Two positive clones were isolated which contained non-vector sequence 5′ of the splice site. To isolate full length cDNAs this library and an oligo (dT)-primed cDNA library made from 7.5 days post coitum embryos (a generous gift from Dr. Patrick Tam, CMRI, Sydney) were screened. Sequencing of all clones was performed using the ABI Prism dye terminator cycle sequencing reaction kit according to the manufacturer's instructions. Sequences were aligned using the Assembly-LIGN program (KODAK). The pellet was then washed three times with PBS at 4°C before resuspension in 500 mM NaCl, 10 mM Tris (pH 7.2), 10 mM EDTA at a ratio of 2.5 ml per 100 mm tissue culture plate. Proteinase K was added to a final concentration of 200 mg/ml and the suspension allowed to stand at room temperature for 1 min before the addition of SDS to a final concentration of 1%. The suspension was immediately drawn three times through a 21-gauge needle followed by twice through a 27-gauge needle to break up the genomic DNA. Additional Proteinase K was added at this point to a final concentration of 300 mg/ml before incubation at 37°C for 2-3 h. After this incubation 1 ml of a 1:1 (v/v) dilution of oligo-dT cellulose powder (Boehringer Mannheim) in binding buffer (500 mM NaCl, 10 mM Tris (pH 7.2), 0.1 mM EDTA, 0.2% SDS) was added to the solution before being tumbled slowly overnight. The next morning the oligo-dT cellulose was pelleted for 3 min at 2500 rpm in a bench top centrifuge. The pellet was then washed three times with the polyA + binding buffer before final resuspension in 5 ml of binding buffer and loaded onto a siliconised (Sigmacote, Sigma) column and the oligo dT cellulose allowed to settle. The column was washed once with 5 ml of washing buffer (100 mM NaCl, 10 mM Tris (pH 7.2), 0.1 mM EDTA, 0.2% SDS) before elution of the polyA + RNA with 2 ml of 10 mM Tris (pH 7.2), 0.1 mM EDTA, 0.2% SDS into a siliconised 15 ml Corex tube. The RNA was precipitated with 0.1 vols. of 3 M sodium acetate and 2.5 vols. of ethanol before pelleting and resuspension in water. The integrity and enrichment of the polyA + RNA was tested by Northern analysis against total ES cell RNA. Total RNA was isolated from postimplantation mouse embryos according to the method of Chomzynski and Sacchi (1987) before the isolation of polyA + RNA and Northern analysis as described (Ausbel et al., 1992) . Densitometry was performed on a Bio-Rad GS-700 Imaging Densitometer using the Molecular Analysis program (Bio-Rad).
In situ hybridisation
Embryos were collected from naturally mated CD1 mice. Detection of the vaginal plug was designated embryonic day 0.5 (E0.5). Antisense and sense probes for wholemount and section in situs were prepared from the Fam coding region (nucleotide positions 4900-5714, see Genbank U67874). These probes hybridised with all three Fam transcripts in Northern analysis. Another antisense probe from the 5′ end of the coding region was also used and produced identical results to those obtained with the above probe (data not shown).
In situ hybridisation of wholemount embryos was performed as described by Christiansen et al. (1995) . In situ hybridisation of embryonic sections was performed using dioxygenin-labelled probes based on the methods of Wilkinson and Nieto (1993) and Schaeren-Wiemers and GerfinMoser (1993) . Briefly, embryos were fixed overnight in 4% PFA in PBS at 4°C before dehydration through a series of ethanol washes. Embryos were embedded in paraffin and sectioned at 10 mm before dewaxing and re-hydration in PBS. Sections were fixed in 4% PFA in PBS for 10 min at room temperature, washed in PBS and then re-permeabilised with PBS/1% Triton X-100 for 30 min at room temperature. Prehybridsation solution (150-200 ml; 50% formamide, 5 × SSC, 2% nucleic acid hybridisation blocking reagent (Boehringer Mannheim), 0.1% Triton X-100, 0.5% CHAPS, 1 mg/ml yeast RNA, 5 mM EDTA, 50 mg/ ml heparin) was added to the slides, coverslipped and left at room temperature for 6-18 h. The solution was then replaced with fresh prehybridisation solution containing 1 mg DIG-labelled probe/ml and incubated at 68°C overnight. Following hybridisation sections were washed under high stringency conditions (0.2 × SSC, 68°C) before preblocking in NT buffer (0.1 M NaCl, 0.1 M Tris pH 7.5) containing 10% sheep serum for 1 h at room temperature. The preblocking solution was replaced with fresh NT buffer containing 1% sheep serum and anti-digoxigenin alkaline phosphatase conjugated Fab antibody fragments (Boehringer Mannheim) diluted 1:1000 and incubated overnight at 4°C. The following day the antibody solution was washed from the sections three times with NT buffer and once in NTM buffer (0.1 M NaCl, 0.1 M Tris pH 9.5, 50 mM MgCl 2 ). Sections were stained in NTM buffer containing 330 mg/ml NBT substrate and 165 mg/ml BCIP (Promega). When the colour reaction had proceeded sufficiently the staining was stopped in PBS and background staining decreased by washing in 1% Triton X-100 in PBS. Sections where then mounted and coverslipped.
